Abstract Retrotransposons (RT) constitute a major fraction of plant genome. They are implicated in evolution and sequence organization. These elements have been proposed to have major role in evolution and variation in genome size. The sequence information of these RT regions in terms of divergence and conservation could be utilized for determining the interrelationship among various copia retrotransposons within the genome. In order to assess the diversity of Ty1-copia group of retroelements, reverse transcriptase (RT) sequence was amplified from genomes of three medicinally important Datura species: D. innoxia, D. stramonium and D. metel using the primers derived from two conserved domains of RT region. A total of twenty one independent amplicons from RT regions were cloned, sequenced and compared. The intra-family divergence at amino acid level ranged from 4 to 52 %. Though intrafamily RT sequences are conserved, no two sequences are identical. Southern blot hybridization suggested that Ty1-copia-like retrotransposons are dispersed throughout the Datura genome. The results indicate a high degree of heterogeneity among the Ty1-copia group of retroelements in Datura species.
Introduction
Transposable elements are considered integral constituents of all genomes from prokaryotes to eukaryotes. Of the various transposable elements present in plant genome retrotransposons constitute a large proportion, ranging from 14 in Arabidopsis to over 70 % in maize. Depending on the internal placement of RT and endonuclease domains, the LTR-retroelements have been named Ty1-copia or Ty3-gypsy group of retrotransposons (Xiong and Eickbush 1990) . These classes transpose through RNA intermediates which are reverse transcribed in to DNA and inserted in to the genome with the help of encoded reverse transcriptases, RNaseH and integrase. As a source of hypermutagenicity, these elements have been proposed to have major role in evolution and variation in genome size. By comparative sequence analysis of rice and Arabidopsis, it has been shown that unequal intrastrand recombination between homologous LTRs retrotransposons terminate to generate solo-LTRs. This illegitimate recombination is associated with the high frequency of loss of genomic DNA by the accumulation of small deletions (Vitte and Bennetzen 2006) . Fully sequenced genomes of Arabidopsis, rice, black cottonwood and two cultivars of grapevine (Arabidopsis genome initiative 2000; Sequencing Project International Rice Genome 2005; Tuskan et al. 2006; Velasco et al. 2007; Cédric et al. 2008) indicate that LTR retrotransposons of Ty1-copia and Ty3-gypsy are the major components of intergenic regions. Human genome sequencing has revealed that retrotransposon sequences are located in the coding regions of at least 4 % of the genes and in the promoter region of at least 25 % of the genes. The "C-value-paradox", i.e. the non-correspondence of the structural complexity in organisms, could largely be explained by the proportion of retroelements in the genome. These elements have also been implicated in genome expansion during evolution (Kalendar et al. 2000; Feschotte et al. 2002) .
All the known plant retrotransposons including active ones are largely quiescent during normal development but some get activated transcriptionally as well as transpositionally in response to various biotic and abiotic stresses (Beguiristain et al. 2001) . Transcriptional activation of an element indicates its role in stress alleviation of plants (Moreau-Mhiri et al. 1996; Salazar et al. 2007 ). Tto1, a copialike retrotransposon, active in rice tissues, gets silenced when plants were regenerated (Hirochika et al. 2006) . It has also become evident that specific group of retrotransposons, mainly Ty1-copia are more likely to be activated by different stresses. Due to their high copy number in highly heterogeneous population and dispersal throughout the genome, retrotransposons are now being utilized as molecular markers in DNA fingerprinting, genetic linkage mapping and phylogenetic analyses (Ellis et al. 1998; Kumar and Hirochika 2001; Moisy et al. 2008; Jia et al. 2009 ).
Various strategies have been employed to identify retrotransposon sequences in genomes. Prior to the characterization of the complete genome sequence of an organism, full length or partial sequences of Ty1-copia like retroelements were identified by a PCR based method of Pearce et al. (1996a , b, Ma et al. 2008 . Because Ty1-copia retrotransposons make a significant contribution to the size, organization and genetic diversity of genome, it would be worthwhile to characterize such elements in a wide variety of plants. To analyze the heterogeneity among the copia family of retroelements in the Datura genome, we have isolated reverse transcriptase (RT) sequences by PCR amplification using primers designed from the conserved regions of RT domain and analyzed the heterogeneity in the sequence, phylogenetic relationship, and abundance in the genome.
Material and methods

Plant material and DNA isolation
Three Datura species, D. innoxia, D. stramonium, D. metel selected for the present studies were procurred from the Herbal Garden at Jamia Hamdard, New Delhi. Genomic DNA for PCR and Southern blotting was extracted from the leaves as described by Doyle and Doyle (1990) with some modifications.
Polymerase chain reaction
Two conserved regions (DVKTAFL and YVDDMDP) of the reverse transcriptase domain were used to design forward and reverse primers for PCR amplification (Voytas and Ausubel 1988; Flavell et al. 1992) . PCR was performed in a 25 μl reaction mixture, with 100 ng of the genomic DNA, 50 μm each of dNTPs, 25 pmol of each primer (5′-GGGATCCAYRTCRTCNACRTANARNA-3′ and 5′-ATTCGAYGTNAARCANGCNTTYYT-3′), and 1U of Taq DNA polymerase (Promega) using 0.75 mM MgCl 2. PCR was performed in a thermal cycler (Eppendorf) with the following parameters: 94°C for 5 min, followed by 35 cycles of 94°C for 1 min, 47°C for 1 min and 72°C for 1.5 min, followed by a final extension step at 72°C for 10 min. The resultant products were separated by electrophoresis on 1.5 % agarose gels in TBE buffer and visualized under UV light after staining with ethidium bromide.
Cloning
The expected amplified product was eluted from the agarose gel, purified and cloned into pGEM-T Easy vector (Promega) and then transferred to E.coli (DH5α strain). The recombinant plasmid was isolated, and the presence of insert was confirmed by digesting it with EcoRI. Subsequently, 20 clones were randomly selected (seven for each D. innoxia, D. metel, D. stramonium) and sequenced. DNA sequencing was performed on ABI PRISM 3730 version 3.0 with T7 and SP6 primers, at DNA sequencing facility (UDSC), New Delhi. Sequencing and database search DNA sequences were translated to reading frames using EBI Translation tool online (http://www.expasy.ch/tools/ dna.html). Sequence homology queries were performed by submitting DNA sequences to the database searching algorithms at the TIGR Plant Repeat Database (http:// tigrblast.tigr.org/euk-blast/data/blastn/). Multiple sequence alignment was done using program CLUSTAL X version 1.83. (http://www.ebi.ac.uk/clustalx). Sequence alignments were annotated using Gene Doc (version 2.6.0.2). The bootstrap neighbour-joining tree with 1,000 replications was generated by MEGA version 3.1. Genomic DNA sequences were deposited in the GenBank databases under accession numbers FJ829035-FJ829055 (Table 1) .
Southern blotting
Genomic DNA of all the three Datura species was digested using 1 μg/unit of restriction enzymes (EcoRI or HindIII) in 1× appropriate buffer at 37°C for 8 h. Digested genomic DNA was electrophoresed on 0.8 % agarose gel in 1× TAE for about 14 h to facilitate the separation which was then blotted onto Hybond N+ nylon membrane (Amersham).The hybrdization was performed under conditions of high stringency using the clone Di7 as a probe and following the methods of Sambrook et al. (1989) .
Result
Isolation and characterization of Ty1-copia RT sequence
The Ty1-copia RT specific degenerate primer set produced an amplicon of ∼280 bp (Fig. 1) , that was eluted from the gel, purified, cloned in to pGEM-T easy vector and rechecked by restriction digestion. A total of 21 clones (seven for each species) were randomly selected for sequence analysis. Southern hybridization of digested three species of Datura genome with the clone Di7 sequence probe showed Fig. 4 Phylogenetic analysis of the deduced amino acid sequences representing fragments of the RT domain of tree Datura genome Ty1-copia group retrotransposons using the Neighbour-Joining-method the existence of a large population of Ty1-copia-like retrotransposons in all three species of Datura (Fig. 2) . The presence of hybridizing bands across entire lanes indicates the dispersal of the Ty1-copia-like sequences throughout the Datura genome. The observation of different band intensities within a single track could be attributed to the copy number of copia like RT within the genome.
Sequence analysis
The alignment and the in silico analysis of all the RT sequences showed strong homology to the conserved RT domains of Ty1-copia family of retrotransposons, though no two sequences were identical (Fig. 3) . The intra-family and intra-subfamily degree of divergence at the amino acid level ranged from 4 to 52 % (Fig. 4) . The amino acid motifs DVKTAFLHG at their 5′end and, LYVDDMDLP at 3′end are conserved and also used for designing primers. LLLYVDDMD present at the 3′end of the isolated RT sequences in Datura is another conserved motif. The RT sequences from D. metel show more homology within species. For comparative analysis, sequences of Ty1-copia, Ty3-gypsy and retroviruses identified from GenBank database (Table 2) were used for alignment and the phylogenetic tree was generated (Fig. 5) . These sequences included those of Lycopersicum esculentum, Solanum tuberosum, Ipoemaea batatas, Nicotiana tabacum, Ephedra, Triticum aestivum, Pinus, Musa, Brassica, Arabidopsis, HIV-1 virus, humanadenovirus and Human RT. The analysis of phylogenetic tree suggested that the sequences of Datura species did not fall in one group. These infact were dispersed throughout. Within the family, the sequences that show branching from a common nearest point in the phylogenetic tree have higher amino acid homology than the others. Extreme heterogeneity was detected among all sequences that exceed the heterogeneity seen in D. melanogaster, which has more Ty1-copia group elements per genome than does Arabidopsis. It is, therefore assumed that in plants Ty1-copia group of retrotransposons are inherently more susceptible to sequence variation. 
Discussion
Structurally the Ty1-copia group of retrotransposons contains 5′-and 3′-LTRs flanking an internal gag-pol region. The pol gene contains many conserved domains but the reverse transcriptase domain of the pol gene is highly conserved in various plant species. We have identified Ty1-copia retrotransposon in Datura sps., using primers for the reverse transcriptase regions. Comparison at the nucleotide as well as the amino acid level revealed a significant heterogeneity among the isolated conserved RT domains of the Ty1-copia retrotransposon in Datura sps. The divergence of predicted amino acid sequences of RT domain was from 4 to 52 %. This is in agreement with the results from potato, where 31 subcloned fragments of the reverse transcriptase region of Ty1-copia, were found to be different, with amino acid similarities varying from 5 to 75 % (Flavell et al. 1992) . Extreme heterogeneity has been observed in several plant species like Arabidopsis (Konieczny et al. 1991) , rice (Noma et al. 1997) , Vicia (Pearce et al. 1996a), Allium (Pearce et al. 1996b), grass (Matsuoka and Tsunewaki 1999) . In Ipoemaea batatas (L), the sequence divergence of Ty1-copia retrotransposon was from 2 to 73 % (Villordon et al. 2000) . Similar results have been reported in tomato, conifers, and sorghum (Su and Brown 1997; Friesen et al. 2001; Muthukumar and Bennetzen 2004) . Southern blot analysis in this study shows the existence of dispersed copies of Ty1-copia element in Datura genome as well. The fact that these genome display a similar set of copia-like retrotransposon-specific restriction fragments suggests that the genomic location could be similar within these different genomes. This result may possibly indicate that this element is an ancient component of the Datura genome, introduced before the divergence of the species and conserved during evolution. The uniform pattern of Southern blotting could explain that these elements might possess uniform localization and favourable habitat of insertion in the host genome. This result agreed with previous report in Citrus (De Felice et al. 2009 ). According to Kumar and Bennetzen (1999) there could also be an existence of a mixed population of active and defective retrotransposons which accumulate mutations over time, and eventually give rise to highly heterogeneous population. All transposons are integrated in to chromosomal DNA, so the heterogeneity of retrotransposons is maintained between generations through vertical transmission.
It has been observed that in RT genomic sequence from three species of Datura contain one or more chain terminating codons in all the reading frame. However, the presence of multiple chain terminating codons in a single ORF reflected the non functionality and long insertion time of the other two elements. Analysis of all the known retrotransposons show that, the older the element the greater the number of termination codons. In other words, the age of an element is directly proportional to the number of termination codons incorporated in it since the termination codons are not accumulated in an active element due to its continuous retrotransposition (Gao et al. 2003) .
The isolation and characterization of hereogeneity study of Ty1-copia RT genomic sequence from D. innoxia, D. stramonium, and D. metel represents the first known report. The study will contribute an important background for further understanding of retrotransposons in Datura genome, as it symbolizes an important medicinal herb in the family Solanaceae.
